Diabetes is recently considered to be a major health concern both in developing countries and developed ones. According to the estimates, the prevalence of type 2 diabetes will increase to 366 million in 2030.[@ref1] However, by increasing age the prevalence of diabetes increases from 10% to 20%.[@ref2][@ref3] Based on the results of the Framingham\'s heart study, elderly diabetic people live 7.5 to 8.2 year less than healthy ones[@ref4] and they also have more problems and special diseases such as nephropathy, cardiovascular diseases, retinopathy and micro and macro-vascular problems.[@ref5][@ref6] Lower quality of life is more prevalent among elderly with diabetes compared to healthy older adult.[@ref7][@ref8]

Different interventional programs can reduce the morbidities and mortalities of diabetic patients. Nutritional interventions are one of the most important ones. Nutritional intervention can have beneficial effects on the markers of glycemic control and other cardiovascular risks.[@ref9] Following nutritional intervention, the complications of diabetes mellitus also will be improved.[@ref10]

Life style modifications including changing the nutritional habits are difficult kinds of interventions. Having knowledge regarding the nutritional recommendation is not enough and even in spite of good knowledge, it is difficult for patients to act according to the knowledge.[@ref11] This is more important in elderly patients with type 2 diabetes due to lower knowledge of nutrition.[@ref12] Previous studies pointed out the important role of nutrition education in controlling glucose in elderly with diabetes[@ref13] and mentioned the key role of education for changing nutritional habits.[@ref14] The effectiveness of nutritional educational programs also is important. A change of behavior model that is suitable for nutritional educational programs is Hubly\'s change of behavior model. This model includes beliefs, attitudes, subjective norms and enabling factors (BASNEF Model).[@ref15] Behavioral attitude is a product of one\'s belief; in fact, it is the positive or negative evaluation of behavior. Subjective norms are one\'s belief relative to influential persons and this is on social pressures and reflections. Enabling factors are skills and sources that allow person\'s aim or intention to change the behavior.[@ref16] The novelty of the present study is related to the type of study participants. We chose elderly patients with type 2 diabetes. According to our knowledge, there is no study regarding the effects of educational model among elderly patients. Almost all the studies on diabetes have been conducted on newly diagnosed and not elderly patients. It is always a question if the educational model can be effective among elderly patients. Furthermore, BASNEF model has not been administered for the educational intervention yet. Therefore, another innovation of the present study was the application of this kind of educational model.

Based on the cited materials and paucity of interventions performed in nutrition education of elderly, this study was performed to determine the effect of nutrition education on knowledge and dietary behaviors as well as glycemic control status of elderly patients with type 2 diabetes based on BASNEF model.

Methods {#sec1-1}
=======

This study was a randomized controlled educational trial. The studied population included elderly patients with type 2 diabetes in Isfahan (Iran) Diabetes Institution during 2010. The age of participants was 60 years or greater and none had cognitive or motor disabilities. The participants in the present study were chosen by stratified random sampling method from among elderly patients with type 2 diabetes. 100 elderly with type 2 diabetes were chosen and were randomly divided to intervention (n=50) and control (n=50) groups ([Figure 1](#F1){ref-type="fig"}). Inclusion criteria were being more than 60 years old, consuming no special diet for a kind of specific disease, having type 2 diabetes for at least one year, and not having moving disability or cognitive impairment. Those patients that did not participate in one educational session were excluded from the study. The sample size was calculated by this formula:
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Therefore, it was needed to have 44 patients in each group. This study was approved by the research council and ethics committee of Isfahan University of Medical Sciences. Written informed consent was completed by all the patients.

This was an educational intervention based on BASNEF model. This model includes beliefs, attitudes, subjective norms and enabling factors.

The data collection tools in this study included: A) questionnaire designed based on BASNEF model and included demographic characteristics (14 items), knowledge questions (15 items), attitude to behavioral beliefs (5 items) and evaluations of behavioral outcomes (5 items), enabling factors (5 items) , and subjective norms (5 item). This questionnaire was completed by structured interview. The scoring method of the questionnaire was such that 1 score was given to the true answer and zero was given to the false answer in knowledge part. In beliefs part, it was designed on 3-point Likert scales and score range of each item varied between 1 to 3 so that 1 score was given to "I disagree" , 2 scores to "I do not have idea", and 3 scores to "I agree". About subjective norms and enabling factors, items were designed as 2--options. The scale of scores was considered out of 100 for all parts of questionnaire.

The validity of given questionnaire was measured by content validity and face validity methods. The questionnaire was provided on sources and valid books. Five experts' views were given for assessing content validity. Some of the suggestions of the reviewers were used to change the wording of the questionnaire. This questionnaire was given to 20 elderly patients with diabetes (similar but non-participants in the study) for confirming face validity and explanations, questions and defects of the questionnaire were considered. The reliability of given questionnaire was confirmed by test--retest for knowledge questions (r=0.76) and by internal validity for attitude questions (α=0.80).

B\) Three days food record questionnaire was used for assessing nutrition performance of diabetic elderly. For assessing the amount of each food group consumption the gram of each kind of food was changed to equivalent servings based on the original USDA Food Guide Pyramid.

c\) Biochemical tests of blood including fasting plasma glucose (FBS) and HbA1C were performed in a lab. FBS was measured via enzymatic method with a commercially enzymatic kit (Parsazmoon-2010) by using autoanalyzer (BT3000). Hb1AC was measured according to the immunoturbidimetric method using Rondex commercially kit (Rondox-2010) by using autoanalyzer (BT3000). Before educational intervention in intervention and control groups, the given questionnaires were completed and patients were referred to the lab for doing tests with an introducing letter.

The four 70-minute educational sessions were conducted during one month. The goals of the sessions were to increase the frequency of meals, to decrease use of fat and simple sugars and to increase use of fruits and vegetables for intervention group. The final session included patients' family that was conducted with the presence of staff and participants. Content of education was transferred to target group by lecture, question and answer, and discussion. Education pamphlets were given to patients' family in order to involve them in intervention at the end of educational session. Telephone follow-ups in week 4 and 8 after intervention by researchers to patients and their families were done in order to emphasize on educational materials, and to response to possible questions of the patients. Three months after training intervention, questionnaire was completed in both intervention and control groups again and blood tests were performed in order to determine the indices regarding the glycemic control. All the nutritional educations were provided by the nutritionist. Control group received usual care and they did not receive specific nutritional education. SPSS software (version 15) was used for data analysis. χ^2^ test, and McNemar tests were used for comparing the qualitative variables. Independent-sample t test and paired-sample t test were used in the present study for comparing the quantitative variables.

Results {#sec1-2}
=======

In the present study, 97 of the original 100 patients completed the study (48 in intervention group and 49 in control group). Two persons in intervention group did not continue the education sessions due to physical problems and one patient in control group did not continue the study due to travel.

The mean age of the participants was 67.06±3.56 year. Monthly mean income did not show significant difference between the two groups (p=0.42). Moreover, the two groups were similar in other demographic variables ([Table 1](#T1){ref-type="table"}).

###### 

Demographic Characteristics of the Sample.
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There were no significant differences between the two groups regarding any studied variables prior to the intervention. Mean score of components of BASNEF model showed significant increase in intervention group after intervention, while such increase was not seen in control group. Moreover, independent-sample t test showed a significant difference between the control and intervention groups in mean change of knowledge, behavioral beliefs, evaluations of behavioral outcomes, enabling factors and subjective norms (p\<0.001 for all) ([Table 2](#T2){ref-type="table"}).

###### 

Mean ± SD of the of BASNEF constructs at baseline and 3 months after educational intervention in the intervention and control groups
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After educational intervention, the prevalence of those patients that consumed more frequent meals was significantly higher in the intervention group compared with before study (P\<0.001), however, it was not significantly different in the control group (P=0.51). Mean servings of bread-grain intake decreased in intervention group (Mean differences: -1.01 ±1.93 serving/day) and increased in control groups (Mean differences: 0.13 ±1.28 serving/day). The mean difference between these two group changes was significant (p \<0.001). In the intervention group, fruit intake increased more than that in the control group (0.91±0.82 vs. 0.17±0.79 serving/day, respectively; p \<0.001). The mean servings of vegetable intake increased by 0.87±0.86 servings/day in the intervention group and decreased by -0.03±1 serving/day in the control group (p\<0.001). Dairy intake also increased in the intervention group more than that in the control group (mean differences: 0.35±0.52 vs. 0.12±0.76 serving/day, respectively; p\<0.001). Fat intake decreased in the intervention group (mean differences: -1.29±1.36 vs. -0.2±0.86 serving/day, respectively; p\<0.001). There were no significant differences regarding the amount of meat intake between the two groups ([Table 3](#T3){ref-type="table"}).

###### 

Mean ± SD of the nutrition behavior and glycemic control indices in diabetic patients at baseline and after intervention in the intervention and control groups and the mean differences.
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[Table 3](#T3){ref-type="table"} shows mean indices of glucose control before and 3 months after educational intervention. A comparison of the mean differences of HbA1C (-0.36±0.32 vs. -0.04±0.47%, respectively; p\<0.001) and fasting plasma glucose (-19.5±17.49 vs. -2.75±13.06 mg/dl, respectively; p\<0.001) in intervention and control groups showed significant difference 3 months after educational intervention (p\<0.001). Comparing the values of FBS at the end of study with the baseline values in the intervention group showed significant change (159.52±26.04 mg/dl at baseline vs. 140.02±15.28 mg/dl at the end of the study; p\<0.001). However, it was not changed significantly in the control group. HbA1c decreased significantly at the end of the study in the intervention group (7.7±0.97 vs. 7.33±0.95%, respectively; p\<0.001). HbA1c did not change significantly in the control group.

Discussion {#sec1-3}
==========

The results of the present study revealed that mean change of knowledge, behavioral beliefs, evaluations of behavioral outcomes, enabling factors and subjective norms increased significantly in the intervention group. Furthermore, the number of meals during a day and also the number of fruits, vegetables, and dairy servings increased in the intervention group while the number of bread-grain servings decreased.

Significant change in the mean knowledge score of patients in intervention group is the sign of the effect of educational intervention in improving knowledge of this group. The importance of educational intervention has been also mentioned in other studies.[@ref17][@ref18] Some studies cited BASNEF-based educational interventions are more effective than classic nutritional education to increase knowledge level.[@ref19] Pressure of social norms and enabling factors used in BASNEF model leads to promote patients' knowledge. Effects of application of BASNEF model in promoting patients knowledge was stated in other BASNEF-based educational interventions performed on diabetic patients[@ref19][@ref20] and even other patients with chronic diseases.[@ref21]

In the present study, the use of the BASNEF model could improve the attitude of dietary behaviors in the intervention group compared to the control group. There are some reports of positive effects of education on improving diabetic patients' attitude.[@ref15][@ref20][@ref22] In another study on type 2 diabetes, significant difference was not reported between the control and the intervention groups about attitude regarding diet.[@ref23] It seems that educational methods have an important role in changing patients attitude in different studies.

In the present study, elderly attitude improved by using BASNEF model in planning and performing intervention and also by using educational methods such as discussion and question and answer in educational sessions. In a study conducted by Rakhshanderou et al.[@ref24], the use of education theories have been emphasized for changing the attitudes[@ref24] and in other studies, the role of educational methods of discussion and question and answers has been mentioned as an effective method in improving nutritional attitude.[@ref19][@ref25]

The findings of the present study showed that enabling factors were increased significantly in the intervention group as main constructs of BASNEF model. These factors for intervention group included information, dietary skills, opportunity of nutrition education and consultation. They had a nutrition consult with a dietitian or other qualified nutrition professional on a one-on-one basis. While non-existence of such factors in the control group led to no change of their mean score of enabling factors. Many BASNEF--based studies pointed out the unique role of enabling factors in changing behavioral intention to health behaviors.[@ref19][@ref25]

Following the intervention, the mean score of subjective norms showed significant increase in intervention group. In this study, social norms were divided into four factors (family, peer group, staff and researchers). Educational intervention led to improved mean scale of social norms by involving four factors in the study. Various studies reported family and peers as key factors in dietary behaviors[@ref26]--[@ref28] and specifically family is important for elderly patients with diabetes.[@ref12] Some studies also pointed out the importance of staff\'s' role in curing diabetic patients.[@ref29]

The present study was performed with the purpose of changing dietary behavior among elderly patients with diabetes, including an increase in frequency of meals, decrease in use of fat and simple sugar and increased intake of fruits and vegetables. Frequency of meals showed 35% increase in intervention group, while the mean intake of fat and bread-grain group showed significant decrease. In addition, the number of servings of fruits and vegetables group showed significant increase in the intervention group after nutritional educational intervention. Previous studies showed that high fiber diets help to improve risk factors of cardiovascular diseases in diabetic patients.[@ref30]--[@ref32] In the present study, the number of servings of dairies increased in the intervention group. Calcium is an important factor in the diet of diabetic patients.[@ref13] In addition, calcium improves sodium--potassium balance and decreases the weight and increases the sensitivity of insulin.[@ref33][@ref34] A recent study on type 2 diabetes revealed that even consuming diet with high amount of low fat or fat free dairy products as part of the Dietary Approaches to Stop Hypertension (DASH) diet, had beneficial effects on the glycemic control and cardiovascular risks.[@ref35][@ref36]

In this study, biochemical indices of glucose control were measured. After 3 months nutritional educational intervention, HbA1C was decreased significantly in intervention group, while changes were not significant in the control group. Elevated HbA1C was associated with increased risk of mortality from cardiovascular diseases.[@ref37] Therefore, the effect of interventions on the level of HbA1C is important. In addition, significant change in fasting plasma glucose (FPG) was observed, so that intervention could decrease FPG to 140 mg/dl in intervention group. It seems that improvement of indices of glucose control can be resulted from decreasing the amount of simple sugars and refined carbohydrates and increasing the amount of fruits and vegetables intake in intervention group. A recent meta--analysis in 2008 showed that lower intake of refined carbohydrates led to improvement in the indices of glucose control.[@ref38]

Decreasing the rate of tendency for follow up during the study was one of the limitations of the current study. Although, application of the educational model and involving family of patients in intervention might increase the hopefulness for continuing the results during longer time.[@ref39][@ref40] Moreover, due to study on elderly population, researchers had a limited number of educational sessions. We compared the effects of BASNEF educational model in the present study with a control group because we had no reports regarding the beneficial effects of this model among elderly with diabetes. However, it was better that BASNEF model had been compared with another educational model. It is suggested that future studies compare the effects of this model with other educational models.

The results of the current study could extrapolate to other population groups with diabetes. As this model was effective in elderly group, it might be also appropriate for other groups with diabetes.

Finally, BASNEF-based nutritional educational intervention led to improved dietary behaviors in addition to improved knowledge and attitudes of older adults with diabetes, which were associated with improved indices of blood glucose control following a three-month intervention.
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